Introduction African-American women are more likely than white women to have functional impairments after breast cancer (BC) surgery; however, no differences were found in self-reported health status surveys at 12+ months postsurgery. Purpose This analysis compared white and AfricanAmerican BC survivors' (BCS) health status, healthrelated quality of life, and the occurrence of physical impairments after BC treatment. Methods One hundred sixty-six women (130 white, 28 African-American, 8 other) were assessed for impairments preoperatively and at 1, 3, 6, 9, and 12+ months postsurgery. Health status was assessed at 12+ months using the Short Form Health Survey (SF36v2™). Analysis of variance estimated differences between groups for health status and impairment occurrence. Results No differences were found between groups for BC type, stage, grade, or tumor size; surgery type; or number of lymph nodes sampled. African-American BCS had more estrogen/progesterone receptor-negative tumors (p<0.001; p=0.036) and received radiation more frequently (p=0.03). More African-American BCS were employed (p=0.022) and reported higher rates of social activities (p=0.011) but less recreational activities (p=0.020) than white BCS. African-American BCS had higher rates of cording (p= 0.013) and lymphedema (p=0.011) postoperatively. No differences were found in self-reported health status.
Conclusion In a military healthcare system, where access to care is ubiquitous, there were no significant differences in many BC characteristics commonly attributed to race. African-American women had more ER/PR-negative tumors; however, no other BC characteristics differed between racial groups. AfricanAmerican women exhibited more physical impairments, although their BC treatment only differed regarding radiation therapy. This suggests that African-American BCS may be at higher risk for physical impairments and should be monitored prospectively for early identification and treatment.
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Background
There are approximately 2.5 million breast cancer survivors in the USA [1] . Although the incidence is greater among white women, the mortality rate is higher for African-Americans [1, 2] . African-American women are more likely to have aggressive (high-grade and hormone-receptor-negative) tumors [3] [4] [5] [6] [7] and higher mortality rates [1, 2] . However, health-related quality of life (HRQOL) studies regarding levels of physical functioning [8] [9] [10] , general health [8] , mental health [9] , and emotional well-being [11] have yielded conflicting results in racial comparisons. The small number of studies conducted within populations with equal access to care has had conflicting results as well, with some reporting that health differences exist despite equal access [12, 13] , and others reporting that equal healthcare access eliminates racial disparities [14] . Nevertheless, many health outcomes, including health status and certain physical impairments, have been under-evaluated in these populations.
Health status measures relative burden of disease and benefit of treatments on a patient [15, 16] , while HRQOL measures the effect of a condition on a patient's physical, psychological, emotional, and social well-being [17] . The early and late adverse effects of breast cancer treatment can impact both health status and HRQOL outcomes among breast cancer survivors and may do so differently based on race [8] .
The purpose of this analysis is to compare health status, HRQOL, and the occurrence of physical impairments between white and African-American breast cancer survivors participating in a physical therapy study within an equal-access military healthcare system.
Methods

Subject selection
A prospective, observational study 1 was conducted from 2001 to 2005 at the National Naval Medical Center Breast Care Center. All newly diagnosed breast cancer patients were screened preoperatively to determine eligibility for the trial. Patients were excluded if they were male, under 18 years old, diagnosed with bilateral breast cancer, or if they had a prior history of breast cancer, prior severe trauma, or surgery of the affected upper limb. All women who met the inclusion criteria and agreed to participate provided informed consent. The study used a physical therapy-based prospective surveillance model (Fig. 1) which included a baseline, preoperative evaluation, and interval postoperative assessment at 1, 3, 6, 9, and 12-24 months.
One hundred and ninety-six (196) women met eligibility requirements and enrolled preoperatively. One hundred and sixty-six (n=166) participants who completed the preoperative assessment and at least one postoperative visit after 12-24 months were included in this subset analysis. The study population included 130 white women, aged 28 to 82 years (mean ± standard deviation [SD], 54.4 ± 12.5 years) and 28 AfricanAmerican women, aged 34 to 66 years (mean ± SD, 51.0 ± 8.5 years). Eight participants with other racial designations were included in the group characteristic analysis but were not analyzed by race because of the small sample sizes. Subject characteristics for the entire group and for white and African-American participants are shown in Table 1 . All participants had equivalent access to breast cancer screening and treatment in a military healthcare system.
Data collection and measurement
All patients were seen preoperatively for a physical therapy evaluation that included bilateral upper limb strength and range of motion (ROM) testing, and bilateral limb volume assessment. Baseline self-reported employment status, participation in physical activity, social activity, and recreational activity were also documented (Table 1) . Physical activity examples included walking, running, and aerobics; social activity examples included involvement in church, volunteer groups, and social clubs; recreational activity examples included gardening, knitting, and other personal hobbies.
Subjects were assessed using a prospective surveillance model according to an algorithm previously described by these authors [18, 19] at 1, 3, 6, 9, and 12-24 months postoperatively to repeat baseline tests and measures, reassess self-reported activity levels and provide early intervention for any identified physical impairments.
Postoperative examinations documented physical impairments according to severity and location. Subject reports of musculoskeletal chest pain, shoulder pain, numbness, and fatigue were assessed using a numerical rating scale (NRS) from 0 (no symptoms) to 10 (worst possible sensation) [20] . Symptoms reported as >1 on NRS were identified as a complaint. Severity scales for axillary web syndrome (cording) and seroma were ranked as none, present and asymptomatic, or present and symptomatic. Cording is described as a ropelike structure, usually found in the axilla extending into the upper extremity, which may cause pain and restrict arm ROM after breast cancer-related axillary surgery [21] . Seroma is an above normal collection of serous fluid which can develop in the breast, axilla, or skin flaps formed during a mastectomy [22] .
Bilateral upper limb measurements were taken in a standard position as described by Stout Gergich et al. [18] with the Perometer® [23] .
2 The Perometer® calculates total limb volume (milliliter) for each extremity and allows interlimb comparison as well as comparison of change over time. Diagnostic criterion for lymphedema [18] was a limb volume increase of ≥3% in the affected limb from baseline as compared to the unaffected limb volume change. Body weight was taken at each visit with a standard scale [19] . 3 Examination findings at 12-24 months (mean ± SD, 14.38±4.31 months) postsurgery were analyzed for endpoint data. These examinations included provision of the SF36v2™. The analysis used the total SF36v2™ scores and the standardized scores of each subscale: physical functioning, role-physical, body pain, general health (which complete the Physical Health Summary Scale), mental health, vitality, social functioning, and roleemotional (which complete the Mental Health Summary Scale). Each scale score has been accepted as a valid calculation of the burden of disease [15, 24] . The Social Functioning Scale was used as a correlate of HRQOL. Participants also completed the Harvard Alumni Health Study Physical Activity Questionnaire (HPAQ) [25] to assess physical activity levels, in addition to the shortened Disabilities of Arm, Shoulder and Hand Questionnaire (QuickDASH) [26] .
Statistical analyses
Statistical analyses for baseline and endpoint data were performed by SPSS software (Version 15.0; SPSS, Inc., Chicago, IL, USA). Descriptive statistics were calculated for all variables. Scores for each subscale of the SF36v2™ were analyzed with one-way repeated analysis of variance to test whether scores were significantly different (p≤0.05) between white and African-American groups. Presence of lymphedema, cording, fatigue, musculoskeletal chest pain, shoulder pain, and numbness were tested by the Pearson chi-square test or Fisher's exact test to identify significant differences (p≤0.05) between the two groups. Trends were defined as 10% or greater differences between the two groups' nominal or ordinal data tested by the chi-squared test or Fisher's exact test. Table 1 shows baseline characteristics of all subjects and of African-American and white participants. At baseline, African-American women were significantly more likely to be employed full-time (p=0.022). Whites engaged in more recreational activity (p=0.020), while African-American participants engaged in more social activity (p=0.011). Table 2 shows activity examples. No baseline differences in social or functional history between groups were identified, nor were there differences in the incidence of comorbid conditions ( Table 2 outlines the endpoint comparisons in health status, HRQOL, and physical impairments in African-American and whites. Ninety-seven (74.6%) whites and 15 (53.6%) African-Americans completed the SF36v2™ survey at endpoint. No significant differences were found between the two groups on average subscale scores, average summary scores, and average total score of the SF36v2™. No significant differences were found between whites and African-Americans in average QuickDASH scores although the survey response rate was less than the full cohort for both groups (71.5% and 42.9%, respectively). Ninety-seven (74.6%) whites and 11 (39.3%) African-American subjects completed the HPAQ with no significant differences found. Furthermore, due to the considerably lower response rate to the questionnaires in the African-American subjects, a t test was used to compare the characteristics of the AfricanAmerican nonresponders to the responders. No significant difference was noted between these groups, verifying that the questionnaire responders were a representative sample of the African-American study subjects. Table 3 highlights differences in breast cancer-related characteristics between groups. African-American women were more likely to have estrogen receptor (ER)-negative (p<0.001) and progesterone receptor (PR)-negative (p= 0.036) tumors.
Results
African-American women were more likely to have symptomatic cording (p=0.0130) and lymphedema (p= 0.011) compared to white women. White women trended towards having fewer complaints of musculoskeletal chest pain and arm numbness as compared to African-American women but significance was not reached.
African-American participants were more likely than whites to receive radiation therapy (p=0.030). The rates of chemotherapy or hormone therapy delivery between the two groups were not significant (Fig. 2) .
Discussion
It is widely reported that African-American women are diagnosed with larger tumors of a more aggressive pathology, and at later disease stages [3] [4] [5] [6] , suggesting that African-American women have biologically different breast cancers compared to white women [27] [28] [29] . Historical evidence attributes this to differences in access to screening [4, 27, 30, 31] , genetic predisposition [27, 28] , and differences in cultural norms that may impact a patient's willingness to seek screening and early treatment [32] . This analysis examined racial differences in the physical impairment rates and health status of breast cancer Historical research suggests that racial minorities are more likely than whites to be categorized as having lower socioeconomic status (SES) [33] and that lower SES is associated with poorer health status in cancer [34, 35] . The provision of health care in the military system essentially controls for SES, diminishing its impact as a significant factor in the outcomes presented here. The demographic similarities seen between groups (Table 1) may have influenced endpoint health status, which suggests that controlling for SES may eliminate some disparities between white and African-American breast cancer survivors.
Other baseline characteristics, such as weight, Body Mass Index (BMI), and self-reported activity levels, may have also influenced subjects' physical impairment occurrences at endpoint. Although no statistical significance was noted in weight or BMI differences between the groups, a trend showed that the African-American women tended to be more overweight than their white counterparts (Table 1) . Overweight and obese BMI classifications also correlate with a higher risk of lymphedema [36] [37] [38] [39] . These factors may help explain why African-American participants were more likely than white participants to develop lymphedema. There was also a trend showing that African-American participants were less engaged in physical activity prior to treatment, which may have affected their postsurgery physical impairment level.
The impact of physical activity on BC survivors' posttreatment HRQOL and physical impairment occurrence is uncertain [36, 39] . Considering the differences in physical activity levels between the African-American and white participants, along with the subsequent differences in the two groups' occurrence of physical impairments, results suggest a relationship between physical activity and postsurgery physical impairment. The treatment differences between the two groups reflect the differences in their breast cancer characteristics, especially hormone receptor status. With significantly more ER-and PR-negative tumors, African-American women were more likely to receive radiation therapy and showed a trend to be less likely than white women to receive hormonal therapy. Radiation therapy can also increase risk for lymphedema [40] [41] [42] and may have been a factor in the 26% (34) 14% (4) 26% (43) Other breast cancer type (n) 8% (11) 4% (1) 7% (12) Early (0, I) stage (n) 58% (75) 61% (17) 58% (96) 49% (63) 50% (14) 48% (80) Other surgery (n) 5% (7) 1% (3) 7% (11 significance of lymphedema as a more prevalent impairment in African-American women.
There was no significant difference in rate of axillary lymph node dissection or sentinel lymph node biopsy between white and African-American participants. The analysis did, however, demonstrate that African-American women were significantly more likely than white women to have symptomatic impairments, including lymphedema and cording, at endpoint suggesting a difference in the physical response of African-American women to breast cancer surgery and lymph node dissection.
Lymphedema presents as tissue swelling in the limb affected by breast cancer surgery and lymph node dissection [18] . Risk factors associated with the onset of lymphedema include high BMI [36] [37] [38] [39] , low physical activity levels [43] , and radiation therapy [40] [41] [42] . The trends in this analysis showed that African-American women had higher BMI classifications and lower levels of physical activity than white women, in addition to being significantly more likely to receive radiation therapy. These factors may have contributed to African-American participants' higher tendency to suffer from lymphedema over time. Evidence supports the findings that African-American breast cancer survivors are more likely than white breast cancer survivors to suffer from postsurgery physical impairments, including lymphedema [9, 10] and a decrease in physical functioning [8, 10, 11, 44, 45] . Nevertheless, the two groups had no differences in other factors attributable to the onset of lymphedema including age [36] , history of hypertension [36] , type of breast cancer surgery [37, 39] , lymph node dissection [37] , and number of lymph nodes taken [36, 37] .
African-American participants were significantly more likely to experience cording at endpoint, but there were no differences between whites and African-Americans in incidence of seroma. Risk factors for cording include type of axillary surgery (showing a higher risk with axillary dissection than with sentinel node biopsy), radiation therapy, and lower BMI [21, 46, 47] . African-American participants in the study had higher rates of radiation therapy, but there was no difference between patients in type of axillary surgery, and African-Americans did not have lower BMI than white participants suggesting vulnerability for African-American breast cancer survivors to posttreatment cording. The two groups did not differ in the frequency of seroma formation, which has been attributed to surgery type, drainage flow rate, and increased body weight [22] .
Although African-American participants in the cohort were more likely to suffer from specific physical impairments at endpoint, contrary to other studies [8] [9] [10] [11] 44] , there were no differences in self-reported health status or HRQOL found. In addition, both groups' mean Physical Health and Mental Health Summary Scales were well above the USA average SF36v2™ score of 50.0 [15] , indicating that participants perceived themselves to have excellent health status.
The cohort had no difference in each SF36v2™ subscale score, summary score, or total score. There were also no differences in scores for QuickDASH or HPAQ suggesting that the study population maintained functional capacity throughout treatment. This may be attributable to physical therapy intervention and education provided pre-and postoperatively, in addition to participants' vocational status and active lifestyle requirements. Although impairments were more evident in the African-American women, they were not deterred in returning to functional activities; however, their activities tended to be of a more social nature rather than physical.
Having a social support system correlates with better emotional well-being [44] , mental health [9] , and HRQOL [11] . African-American survivors are more likely to depend on social networks (including church and extended family) to help cope with their illness than their white counterparts [9, 11, 44, 48] . Our analysis supports this finding; AfricanAmerican subjects were more likely to participate in social activity, while whites were more likely to participate in recreational activity. However, despite this distinction, there were no differences between African-American and white breast cancer survivors in health status, determined by SF36v2™ or HRQOL, determined by the SF36v2™ Social Functioning Subscale. The lack of differences between the two groups in overall mental and physical health shows that social activity, recreational activity, and equal access to care may be factors in eliminating disparities between AfricanAmerican and white breast cancer survivors' postsurgery health status and HRQOL. More research is needed to discover the correlations between recreational activity and postsurgery mental and emotional health in breast cancer survivors.
Clinical relevance
The results suggest that in a health care system where care is equally delivered regardless of socioeconomic status or population demographics, differences in functional and health status still exist. The related clinical implications may be broad reaching with regard to breast cancer diagnosis and treatment and should be further examined.
Recognizing that the African-American subjects in the cohort suffered from more postoperative impairments confirms the need for ongoing prospective surveillance by a rehabilitation specialist. African-American women appear to be a high-risk group that should be monitored in the absence of impairment to enable early detection and early intervention for breast cancer-related impairments. When impairments such as lymphedema and axillary web syndrome are identified early the intervention is less intense and promotes quicker return to function. Further, there may be a preventive effect from the physical therapy-based prospective surveillance model's ongoing care and educational components.
Limitations
This study was conducted in a military health care system, which may not be reflective of the general US population. The cohort is comprised of active duty women, spouses of active duty military members, retirees, and their spouses. The substantial difference in overall participation in the study must be considered in light of the results. A greater percentage of white participants completed the surveys compared to African-American participants, which may have been due to the mailing process used. However, all subjects completed the assessments that measured physical impairments. A larger African-American cohort would perhaps provide better insight to the significance levels of the study variables that trended towards but did not reach significance.
Conclusion
Racial disparities are known to exist and impact breast cancer diagnosis and treatment and may impact a patient's physical and functional capacity. In a cohort of patients who have equal access to care and participate in a surveillance model of care, an increased prevalence of lymphedema and cording is present in African-American participants compared with white participants. The health status measures demonstrate no differences. The combination of increased lymphedema, higher rate of radiation therapy, and a trend towards a lower level of physical activity put the African-American group at risk for physical impairments and possible functional loss with time. Close observation of African-American breast cancer survivors should be implemented to monitor and reduce these racially disparate risks in breast cancer survivors.
